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(54) Manufacture of reinforced composite revolution bodies 



(57) Process for manufacture of reinforced compos- 
ites revolution bodies comprising contacting at elevated 
temperature a plurality of substantially aligned continu- 
ous reinforcing fibres with molten extruded thermoplas- 
tic and/br thermoset resin, and contacting the fibre sup- 
ported molten resin with a continuous thermoplastic 



and/or thermoset revolution body in manner to provide 
a continuously wound reinforced body, apparatus for the 
manufacture thereof, continuous reinforced composite 
revolution body obtained thereby and its use for distri- 
bution of fluid in a continuous network and component 
parts of the process and apparatus. 
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Description 

The present invention relates to a process and ap- 
paratus for the manufacture of continuous fibre rein- 
forced continuous thermoplastic or thermosetting com- 
posite revolution bodies, to reinforced continuous com- 
posite revolution bodies obtained thereby and applica- 
tions thereof. More particularly the invention relates to 
a method for continuous in-line extrusion, impregnation 
and winding of resin and continuous reinforcing fibre 
about a continuous revolution body, revolution bodies 
obtair\ed thereby and applications Ihereof . 

Reinforced thermoplastic pipes (fTTPs) are poten- 
tially of significant application in the distribution of gas- 
eous and liquid fiuids, for example in gas, water, oil and 
chemical distribution. Existing distributbn networks em- 
ploy typically metallic, such as steel or cast iron trans- 
mission pipes, for example in gas distribution, or cured 
thermosetting resin pipes, such as epoxy glass rein- 
forced pipes, for example in transport of aqueous and 
hydrocarbon fluids. For more strenuous applications, tor 
example in off-shore applications for transport of hydro- 
carbons, high strength composite RTPs have been pro- 
posed, such as aramid fibre reinforced pipes, however 
the prohibitive expense incurred by their manufacture 
renders the RTPs commercially uneconomic. 

RTPs are suited for the above applications in view 
of excellent properties in terms of load-bearing, creep 
behavbur, stress cracking, long term rupture resistance 
and the like, in additbn to their suitability for manufac- 
ture in continuous lengths which may be conveniently 
coiled for transport to site. These, amongst other prop- 
erties, would render such pipes easier and less expen- 
sive to install and maintain. 

Discontinuously reinforced thermoplastic pipe 
products, in which a section of pipe is wound with a re- 
inforcing fibre in repeated passes along the length there- 
of are of limited interest for distribution network applica- 
tions. In preference, continuously reinforced thermo- 
plastic pipe products are typically manufactured by hel- 
ical winding of a plurality of aligned reinforcing fibres tn 
a single pass along the length of a continuous stretch 
thereof. Such continuous processes employ either dry 
reinforcement, which cannot subsequently be property 
impregnated with resin, thus giving inferior properties, 
or pre-impregnated reinforcement, generally in the torn 
of a tape which must be manufactured by a separate 
process. This latter, whereby fibre from a creel or drum 
is contacted by coating or impregnation with extruded 
polymer matrix material, and rewound onto a further 
creel or drum for subsequent use in continuous reinforc- 
ing, suffers the disadvantages of a two stage process, 
via a semi-finished product, which is moreover relatively 
expensive. 

Thermoplastic resins, and some thenmoset resins 
are of high viscosity rendering impregnation thereof into 
reinforcing fibres difficult and prone to poor quality. 

Accordingly there is a need for a process for the 



manufacture ol RTPs having excellent properties suited 
for elevated pressure flub distributbn, and whbh may 
be obtained in continuous lengths, and at considerable 
cost benefit enabling the application thereof in existing 

s and new distributbn networks. 

We have now found a process for the manufacture 
of continuous reinforced thermoplastb revolutbn bod- 
ies which provides the hereinbefore mentioned advan- 
tages and objects in admirable manner. 

to In its broadest aspect there is provided according 
to the present inventbn a process for the manufacture 
of reinforced composite revolution bodies comprising 
contacting at elevated temperature a plurality of sub- 
stantially aligned continuous reinforcing fibres with mol- 

'5 ten extruded thermoplastic and/or thermoset resin, and 
contacting the fibre supported molten resin with a con- 
tinuous themnoplastic and/or thermoset revolution body 
in manner to provbe a continuously wound reinforced 
body. 

20 Continuous winding of continuous fibres on the con- 
tinuous body is suitably achieved by advancing the con- 
tinuous body In its axial direction. 

By the process of the invention resin precursor and 
reinforcing fibre are contacted and wound in an integral 

2S bw cost process, providing excellent impregnation and 
bonding rendering the product continuous revolutbn 
body with desired properties adapted for the hereinbe- 
fore mentioned applications. 

Contacting the fibre and resin may be perfomied In 

30 manner to achieve impregnatbn and/or coating thereof, 
depending on the required properties to be attained. The 
degree of Impregnation and/or coating may be deter- 
mined in known manner by selection of resin viscosity, 
process conditions and the like. The advantages of the 

35 invention are particularly apparent for winding of high 
viscosity themnoplastic or thermoset resin impregnated 
fibres, preferably thennoplastic. It is a particular feature 
of the invention that contracting of fibre and resin takes 
place substantially simultaneously with the heating and 

40 winding thereof. 

Reference herein to continuous fibre and revolution 
body is to lengths of fibre and body provided suitably 
from creels, drums and the like and adapted to be stored 
as finished product on a creel, drum or the like whereby 

45 substantially any desired length product may be pre- 
pared. This has advantages In terms of convenient and 
reliable installatbn avoiding the need for frequent join- 
ing, for example by welding, of discontinuous sections. 
Reference herein to reinforcing fibre is to any known 

so fibre preferably in the form of bundles of fibres, or "tow's" 
as known In the art. Suitably fibre is selected from glass 
fibres, such as E-glass, S-glass, aramid fibres, catbon 
fibres and the like. By the process of the inventbn it is 
possible to achieve performance levels with E-glass 

SB which approach those of the costly aramid based prod- 
ucts. The fibres may be of any desired grade and may 
be empbyed in any desired multiplicity whbh will be de- 
pendent on the winding apparatus employed. 
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Reference herein to thermoplastic resin is to any 
known resin employed in the art which Is characterised 
by properties of flexibility, mechanical Integrity and su- 
perior heat resistance. Preferably thermoplastic resin is 
selected from any semicrystalline thermoplastic resin, s 
such as high or medium density polyethylene (HOPE, 
MDPE), polypropylene (PP), polyetherether ketone 
(PEEK) and polyphenylene sulfide (PPS), polyamide 
such as Polyamide 6, 66, 11 or 12 and polyvinylidene 
fluoride (PVDF), any amorphous or substantially an»r- io 
phous thennopiastic resin such as polycarbonate (PC), 
polymethylmethacrylate (PMMA), or polyvinyl chloride 
(PVC) and combinations thereof. In a particular advan- 
tage the resin empk>yed comprises PE or PP which are 
available as lower cost resins. It is a partbular advan- is 
tage that the process of the invention is particulariy suit- 
ed to operation with addition of additives which may be 
employed to substantially overcome the poor coupling 
inherent with certain non-polar or low-polarity resins 
such as PE and PP. In a further advantage thennopiastic 20 
resin comprising PE provides a product which is com- 
patible and weldable with existing pipework. PP Is also 
very attractive In terms of processabillty and the 
achievement of good properties for low cost. PP and PE 
are of advantage for providing further property improve- 2S 
ment and polyvinylidene fluoride is of particular advan- 
tage for use with high temperature transport of corrosive 
fluids. 

The thermoplastic resin may further comprise or be 
combined with other additives or components as de- 30 
sired and as known in the art, for example viscosity mod- 
ifiers, coupling additives, cross-linking agents, molecu- 
lar weight reducing additives, stabilisers, pigments and 
the like. 

Reference herein to a revolution body is to any pre- 55 
formed body whfch may be rotated about its axis or, in 
the process of the invention, about the axis of which a 
bundle of reinforcing fibres may be wound in continuous 
manner. The revolution body suitably comprises a pref- 
erably hollow or othenvlse solid article of prismatic sec- 40 
tlon, especially of tubular shape such as a cylinder, pipe 
or the like, of any suitable diameter of the order of mm 
to m as desired. Preferably a revolution body comprises 
a hollow thermoplastk: resin pipe which is obtained by 
extruston as known In the art. Thermoplastic pipe for use 45 
as a revolution body to be reinforced according to the 
present invention maybe manufactured by in-line extru- 
sion integral with the process of the present inventfon, 
or may be pre-extruded and stored as a continuous coil 
adapted to be reinforced according to the present inven- so 
tion. It will be appreciated that the particular properties 
of thermoplastic resin products render them suitable for 
storage by coiling prtor to and/or subsequent to reinforc- 
ing according to the present inventbn. 

Suitably the thermoplastic resin is obtained directly 55 
from pellets, powder and the like which are adapted to 
be extruded as known in the art. The pellets may be ex- 
truded in a statkjnary extruder as known in the art, for 



example a screw extruder, adapted in manner that the 
polymer melt so produced may be transfened to a res- 
en^oir provkJed in a rotary assembly, from whk:h the melt 
Is transferred to one or more supports selected from 
knives, wedges, cylindrical or barrel shaped supports 
such as baffles, plates, pins or the like and non cylindri- 
cal shaped surfaces, provkjed in the rotary assembly, 
and adapted to lie in the fibre path. Suitably the fibre is 
provkled from a plurality of creejs, drums and the like In 
the form of reels adapted to unwind and continuously 
release or reel-out a sufficient length of fibre to make 
continuous products of required length, and whk:h are 
mounted in suitable manner on the rotary assembly to 
enable winding of reeled out fibre about a continuous 
revolutton body coaxial with the rotary assembly. Ac- 
cordingly it will be apparent that a fibre "tow" is drawn 
from a creel via a support for molten resin to a head, 
each provided as components of a rotary assembly, and 
thence is laid down In helically wound manner on a rev- 
olution body as hereinbefore defined. 

By the process of the Invention the fibre 'tow' is suit- 
ably Impregnated or coated and laid down in manner to 
provide the desired reinforcing. Impregnated or coated 
tow* may suitably be laki down in manner to completely 
cover the entire surface of a revolution body by helical 
winding In one or both senses about the axis of the rev- 
olution body. Winding of impregnated or coated "tow" in 
both senses Is suitably carried out In known manner by 
means of a first rotary assembly adapted to rotate in a 
first sense about a continuous revolutk>n body and a 
second rotary assembly adapted to rotate in the oppo- 
site sense, and located upstream or downstream of the 
first rotary assembly. 

The angle of helical winding, defined relative to the 
axis of the revolution body, (an angle of O'C representing 
parallel alignment of fibres and axis, and an angle of 90** 
representing fibres aligned In the circumference direc- 
tion) is suitably adapted as desired by means of adapt- 
ing the speed of advancement of the continuous revo- 
lution body and/or the speed of rotation of the head. The 
angle may be selected with reference to the magnitude 
and direction of load to be withstood in use of the rein- 
forced body and is preferably of the order of 25^ to 90^. 
In a first embodiment the angle of helical winding is of 
the order of +/- 50'C to 60*0, preferably +/- 53"C to 
57*0. for example W- 55»C, for fibres wound in both 
senses about a thermoplastic body reinforced by means 
of "full-wrapping" as known In the art, to be used for 
pressure piping. In a second embodiment the helical 
winding angle is of the order of + 85°C to substantially 
90^*0, preferably + 88°C to 89.9°C, for example sub- 
stantially fractionally less than 90*C, for a fibre tow* 
wound in one sense only about a thermoplastic body 
reinforced by means of "hoop-wrapping", as known in 
the art. 

The angle 9 may be determined for any rotatfonal 
speed CD (rev/min) of the impregnatk>n unit, for axial 
product speed u (m/min) and for a diameter d (m) of rev- 
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dution body by the relationship: 

(«) 

The rotating head Is suitably adapted to lay down a 
plurality of fibres continuously for any given diameter 
revolution body. Preferably the rotating head Is adapted 
to lay down any desired multiplicity of fibres according 
to the diameter of revolution body to be wound, whereby 
the multiplicity of fibres is proportional to the revolution 
body diameter. 

It is a particular advantage of the invention that the 
process is carried out at elevated operating temperature 
enabling the fusion and consolidation of component 
parts. Accordingly the product is sufficiently cooled and 
finished at a distance downstream of the rotating as- 
sembly, to enable winding onto a drum for storage. The 
operating temperature may be selected as appropriate 
for the purpose of obtaining and maintaining the resin 
in molten form at a desired viscosity to enable effective 
coating and/or impregnation of the fibres and bonding 
to the revolution body. A suitable processing tempera- 
ture is therefore 5-80**C above the melting point of a 
semicrystalllne thermoplastic resin, 40-180"C above 
the glass transition temperature for an amorphous ther- 
moplastic or as recommended by thermoplastic or ther- 
moset polymer supplier. 

Heat required for this purpose may be provided by 
any known means from a stationary or rotating heat 
source, for example in the form of radiant or conducted 
heat from a stationary heat source such as a gas burner 
or other fuel combustion apparatus or the like or con- 
ducted via adjacent tooling; or etectricatly, for example 
by electrical resistance using band or cartridge heaters 
with appropriate temperature control, the electrical pow- 
er being supplied by moving slip ring contact in known 
manner. The same or different source of heat may ad- 
vantageously be employed in manner to cause soften- 
ing of the surface of the revolution body upstream of the 
winding head, whereby excellent bonding and consoli- 
dation may be obtained. Suitably the outer surfaces of 
the rotating assembly are insulated to reduce loss of 
heat. 

Additional heat may be provided directly to the fi- 
bres whk:h may be passed through holes or channels in 
the rotary assembly and preheated before being con- 
tacted with molten resin in impregnatbn stage thereof. 

The amount of the thermoplastic impregnation or 
coating may be selected as desired. Suitably the 
amount of thermoplastic resin taken up by the fibres Is 
proportional to the fibre volume and may be selected by 
known means, for example by rendering the resin with 
a desired viscosity which should not be too high to en- 
able satisfactory impregnatbn. It will be appreciated that 
the amount ot thermoplastic resin taken up by the fibres 
may be adapted as desired by known means, for exam- 
ple by mechanical means v^ereby excess resin is 



wiped off by a wipe-off dye and preferably recycled back 
to the reservoir of molten resin. 

Optkxially a further outer layer of thermoplastic res- 
in may be provkled by means of contacting the rein- 
s forced revofutkm body downstream of the winding head 
with extruded molten thermoplastic resin. By this means 
a protective layer Is provkled which may be ol particular 
advantage for specific applk^ations. The resin is suitably 
provkJed by known means for example by a statbnary 
annular extruder die, to the surface of the revolution 
body. 

In a further aspect of the invention there is provkled 
a rotary impregnation and overwinding apparatus com^ 
prising a rotary assembly adapted to provide a plurality 
of continuous fibres, rotary support means adapted to 
provkJe one or more reservoirs of molten thermoplastk; 
and/or thermoset resin and a rotary head adapted to lay 
down impregnated fibre onto an advancing continuous 
thermoplastic and/or thermoset revolution body co-axial 
therewith. 

It is a partk:ular advantage of the invention that the 
impregnation and/or coating of fibres with thermoplastic 
takes place within the rotary apparatus or associated in 
rotary manner therewith. This produces a hot impreg- 
nated or coated product that bonds well to the surface 
of the themriopiastic revolution body. Heating of pre-im- 
pregnated tape to melt the resin prior to winding Is dilfi- 
cutt to achieve. 

The component parts of the apparatus are suitably 
adapted to the operatkxi of the process as hereinbefore 
defined, in manner to provide a reinforced revolution 
body comprising impregnated or coated fibre tow" hel- 
ically wound in one or both sense(s), hoop or full wrap 
as hereinbefore defined. 

The rotary assembly and rotary head may be se- 
lected from any such components known respectively 
for the ovenrt^inding of pre-impregnated tape as known 
in the art. and for the pre-impregnation of fibres to pre- 
pare tape for subsequent use in overwinding, as toiown 
in the art. It will be appreciated therefore that the assem- 
bly, comprising essentially mountings for creels of fibre, 
is associated with the rotary head which essentially 
comprises channels, apertures, recesses or the like 
adapted to receive aligned fibres, in addition to non-cy- 
lindrical orcylindrk^al shaped support surfaces, selected 
from one or more knives, wedges, pins, baffles barrel- 
shaped surfaces and the like adapted to tension and en- 
able impregnation of fibres by a desired degree of 
spreading thereof, and a further set of channels, aper- 
tures, recesses and the like through which the impreg- 
nated and/or coated fibre is passed for conditioning 
thereof and guiding for accurate lay down on the revo- 
lution body. 

Any arrangement may be adopted comprising these 
components which is capable of achieving the desired 
objects. Preferably the rotary head comprises a plurality 
of, preferably 2 to 20. more preferably 3 to 10, for ex- 
ample 3 to 7 supports as herein before defined, which 
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may be profiled in manner to improve the efficiency of 
impregnation, tor example which may be rotating or 
fixed relative to the body of the rotary assembly and may 
comprise a convex or a concave profile whereby ten- 
sioning and spreading o1 fibres may be modified or en- 
hanced. 

Without being limited to this theory it is thought that 
the curved surfaces reduce thickness of tows by spread- 
ing, thereby aiding impregnation. Moreover, a wedge of 
molten resin is entrained between the nrtoving tow and 
each support, causing resin to be pressurised and 
squeezed into the tow. The mechanism of pressure gen- 
eration at the support is similar to that in ^e lubricant of 
a rotating journal bearing. The supports may have any 
suitable orientation, which may be calculated to prevent 
sideways slippage of tows. Supports may be orientated 
with axes parallel to. tangential to, inclined or otherwise 
with respect to the axis of the assembly. 

The fibres are suitably conditioned prior to lay down 
by means of passing through a die which serves to wipe 
off excess resin and to ensure the uniformity of resin 
carried by the fibres. This die may conveniently serve 
for the purpose of tensioning and guiding of fibres to the 
overwinding stage, in manner to provide uniform 
spreading onto the surface of the revolution body 

Rotary support means as hereinbefore defined are 
suitably any means capable of providing one or more 
reservoirs of molten thermoplastic resin to the rotary 
head. As hereinbefore defined the extruder is separate 
from the apparatus of the invention, whereby it is sta- 
tionary and comprises conventional extrusion appara- 
tus adapted In manner to provide a continuous flow of 
molten resin to the rotaiy support means of the appara- 
tus. In a preferred embodiment of the invention the ro- 
tary support means comprises a continuous aperture ar- 
ranged as an annulus in the apparatus as hereinbefore 
defined which is adapted to be associated with supply 
means projecting from the extruder. It will be appreciat- 
ed that this enables the rotation of the apparatus whilst 
receiving one or more supply means comprising pipes 
or the like projecting from the extruder. 

The supply means from the extruder may be sta- 
tionary or rotating, for example a stationary hollow con- 
duit or a rotating union for molten resin and/or tow pref- 
erably projects within the aperture comprising the rotary 
support means and provides a reservoir as hereinbefore 
defined by gravitational or contact expulsion of molten 
resin from the supply means. The molten resin is pref- 
erably provided in the form of a reservoir in manner that 
it nnay be picked up by fibres or impregnating supports 
as hereinbefore defined. For example the resen^oir may 
comprise a channel passing to the impregnation means 
or as guide means for fibres. Preferably the reservoir is 
located in manner that continuous flow of molten resin 
is encouraged by the centrifugal forces generated by ro- 
tation of the apparatus, whereby the molten resin is sup- 
plied to reservoirs located radically Inward from the de- 
sired site of impregnation. 
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Preferably the rotary support means is maintained 
at elevated temperature as hereinbefore defined by 
means of radiant or conduction heat provided from sta- 
tionary heat sources or electrically, by means of slip ring 
s contact 

It wilt be appreciated that modificatbn and optimi- 
sation of the component parts of the apparatus may be 
made within the general concept as hereinbefore de- 
fined, for co-operative functioning thereof. Such modrfl- 

10 cations are considered to be within the scope of the 
present vivention, Bn6 will be readily apparent to the 
rmi) skilled in the art 

In a further aspect of the invention there Is provkied 
a continuous reinforced composite thennoplastk: and/or 

IS thermoset revolution body obtained by the process as 
hereinbefore defined. Preferably the revolutbn body is 
characterised by excellent mechanical properties by vir- 
tue of the Impregnatton and overwinding process of the 
invention and is obtained in convenient and cost effec- 

20 tive manner. 

in a further aspect of the invention there is provkied 
the use of a continuous reinforced composite thermo- 
plastic and/or thermoset pipe as hereinbefore defined 
tor the distribution of fluid in a continuous network, pref- 

2S erably for the distribution of gaseous or liqukJ fluid at 
elevated pressure. 

In a further aspect of the invention there is provkied 
continuous reinforcing fibre or tow', extrudable themno- 
plastic and/or thermoset resin or continuous revolution 

30 txxfy as hereinbefore defined adapted to be employed 
in the process of the Inventbn as hereinbefore defined. 

In a further aspect of the invention there is provkied 
support means for continuous reinforcing fibre or "tow", 
molten thermoplastic and/or thermoset resin or a con- 

3S tinuous thermoplastk: revolution body as hereinbefore 
defined adapted to be mounted on an apparatus as 
hereinbefore defined for use in the process of the inven- 
tion. 

Further advantages of the invention will be apparent 
40 from the foregoing. 

The invention is now illustrated in non limiting man- 
ner with reference to Figures 1 -5 wherein similar refer- 
ence numerals refer to similar features. 

<s Figure 1 is a side elevation and vertical cross-sec- 
tions through an apparatus of the invention In use 

Figure 2 is a detailed side elevation and cross-sec- 
tion of the rotary head of apparatus of Figure 1 in 
so use 

Figure 3 is a vertical cross-section through an alter- 
native apparatus of the invention in use 

55 Figure 4 is a cross-section of the rotary head of any 
apparatus of the inventk)n In use 

Figure 5 is a schematic representation of the com- 
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ponent units of an apparatus of the Invention for use 
in the process of the invention. 

In Figure 1 is shown a rotary assembly (1) adapted 
to carry creels ol continuous remtorcing fibre (2) in ro- 
tating manner. The rotational speed of the assembly is 
controlled in proportion to the speed of a thermoplastic 
pipe (5) advanced co-axtalty therewith, whereby the re- 
inforcement may be laid down at a desired helical angle 
(the winding angle. 0, as shown). The storage creels (2) 
are adapted to be mounted on axial supports whereby 
they way reel-out causing unwinding of reinforcing fibre 
(6). The rotary head (3) comprising a rotary impregna- 
tion unit is adapted to provide support for molten ther- 
moplastic resin in the form of one or more reservoirs as 
hereinbefore defined. The unit comprises pins, plates or 
baffles over which the fibre reinforcement is drawn in 
the presence of the molten thermoplastic. 

The unit is heated, either electrically wherein the 
current may be supplied via slip rings, or by external 
means as hereinbefore defined. An extnjder is shown 
(4) which is stationary and is adapted to supply thermo- 
plastic melt continuously to support means in the rotary 
head (3). 

Figure 2 shows the apparatus of the invention in de- 
tail wherein component parts are as described with ref- 
erence to Figure 1. From the Figure it is apparent that 
the plurality of reinforcing fibres (6) is varied by means 
of the plurality of supports for creels (2). The manner of 
providing molten resin from stationary extruder (4) to ro- 
tary winding head (3) is shown, whereby a continuous 
supply may be provided at a desired rate. The advance- 
ment of revolution body (5) is Indicated, at a constant 
axial velocity which may be selected as desired. The 
body is suitably a pipe which is manufactured by the 
process of screw extrusion. Suitably the pipe is heated 
at its outer surface prior to entering the apparatus to aid 
adhesion of the reinforcing layer. The apparatus winds 
thermoplastic pipe helically at an angle of -kSS*" with a 
complete cover of Impregnated reinforcement, whereaf- 
ter the pipe suitably advances to a second apparatus 
rotating in the opposite sense, which provides a second 
balancing cover at an angle of -55°. 

In Figure 3 is shown an alternative apparatus with 
a combined rotary extrusion and impregnation unit (3, 
4). In this case polymer is provided co-axially in the op- 
posite direction to the advancing prismatic revolution 
body (5). The apparatus also provides supports for lay- 
ing down a first axially aligned reinforcing fibre upon 
which the tow windings are laid down at the desired an- 
gle. 

In Figure 4 is shown an arrangement of impregna- 
tion supports which may be employed with any appara- 
tus of the invention having stationaiy or rotary reservoir 
of extruded resin. 

In Figure 5 the units of the process of the invention 
are indicated comprising integral screw extruder (7) pro- 
viding a p'^e (5) to pre-heater (8) for the softening of the 



outer surface thereof. The softened pipe is advanced to 
first and second apparatus of the invention rotating in 
opposite sense (9, 10) supplied by stationary extruder 
(4). The wound p^ advances to a cross-head extruder 
s (11) comprising a further extrnder and cross-head die 
as hereinbefore defined. 

The convenience of nrtanufacture will be apparent 
from the foregoing whereby a product may be obtained 
in an integral process in place of the known two or three 
10 stage processes employed to date. The pioducts of the 
process have excellent mechanical properties adapted 
for new and existing purposes as hereinbefore defined. 

The invention is now illustrated in non-limiting man- 
ner with respect to the following examples. 

IS 

Example 1 

A polypropylene internal liner of 25.4mm internal di- 
ameter, 7mm wall thickness was wrapped with + and - 

20 550 covers of E-glass. The llnearspeedof the liner pass- 
ing through the process was 3m/min. The rotary impreg- 
nation unit for each layer was equipped with 12 creels 
of glass fibre weighing 2.4kg per km, and the rotational 
speed of each unit was controlled according to the rela- 
tionship stated eariier to give the required winding angle. 
Each fibre tow passed over 6 pins each 1 5mm diameter 
in the presence of polymer melt before exiting the im- 
pregnation unit. The tube thus produced was then 
equipped with a 5mm thick outer cover of polypropylene. 

30 When tested under internal pressure the tube was found 
to burst at a pressure of 220 bar. 

Example 2 

3S A polypropylene liner as described above was 
equipped with 24 tows of axial glass fibre reinforcement 
(as descri-i^ed above) over which was wrapped a single 
cover of near-hoop orientation. The thickness of the 
near-hoop winding was such that one complete rotation 

40 per tow ot reinforcement was applied for every 2. 1 6mm 
of product. The linear speed of the product was 1 m/min 
and the rotatton rate of the Impregnation unit which in 
this case carried 4 creels of glass fibre was 112 rpm. 
Each fibre tow passed over 6 pins of 15mm diameter in 

^ the presence of polymer melt before exiting the impreg- 
nation unit. Again the tube was equipped with a 5mm 
thick outer cover of polypropylene. When tested under 
internal pressure this tube which contained an approxi- 
mately similar amount of glass fibre to the one in the 

so previous example was found to burst at a pressure of 
210 bar. In comparison to the tube in the previous ex- 
ample however this tube possessed significantly greater 
axial stiffness because of the axial reinforcement, and 
the lower burst pressure was due to the near-hoop wind- 

ss ing empk>yed. 
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Examples 

A polyethylene liner of 100mm internal diameter 
and 5mm wall thickness was wrapped with + and - 55** 
covers of E-glass. The linear speed of the liner passing 
through the process was 0.8m/min. The rotary impreg- 
nation unit for each layer was equipped with 72 creels 
of glass fibre weiring 2.4kg per km. and the rotatkxial 
speed of each unit was controlled according to the rela- 
tionship stated earlier to give the required winding angle. 
Each fibre tow passed over 4 pins of 15 mm diameter 
in the presence of polymer meft before exiting the im- 
pregnatksn unit. The tube thus produced was then 
equipped with a further 5mm thk:k outer cover of poly- 
ethylene. When tested under internal pressure the tube 
was found to burst at a pressure of 115 bar. 



Claims 

1 . Process for the manufacture of reinforced compos- 
ite revolution bodies comprising contacting at ele- 
vated temperature a plurality of substantially 
aligned continuous reinforcing fibres with molten 
extruded thermoplastte and/or thernrKsset resin, and 
contacting the fibre supported molten resin with a 
continuous themnopiastk; and/or thermoset revolu- 
tk>n body in manner to provide a continuously 
wound reinforced body. 

2. Process as claimed in Claim 1 in whteh the contin- 
uous body and the point of contacting thereof with 
fibres are advanced with respect to each other, in 
co-axial directbn. 

3. Process as claimed in any of Claims 1 and 2 where- 
in fibre is in the form of bundles of fibres, hereinafter 
tows, selected from glass fibres, aramid fibres, car- 
bon fibres and the like. 

4. Process as claimed in any one of Claims 1 to 3 
wherein thermoplastic and/or thermoset resin com- 
prises semicrystalline, amorphous thermoplastic 
resin or a high viscosity thermoset resin. 

5. Process as claimed in any one of Claims 1 to 4 
wherein a revolution body is a hollow or otherwise 
solid artk^le especially of prismatk; section, and of 
tubular shape such as a cylinder, pipe or the like. 

6. Process as claimed In any one of Claims 1 to 5 
wherein contacting is carried out on a plurality of 
impregnation supports selected from cylindrical or 
non-cylindrk:a1 shaped surfaces such as knives, 
wedges, baffles, plates, pins, barrel shaped surfac- 
es and the like. 

7. Process as claimed in any one of Claims 1 to 6 
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wherein fibre is laid down in nianner to completely 
cover the entire surface of the revolution body by 
helical winding in one or both senses about the axis 
of the revolution body. 

8. Process as claimed in any one of Claims 1 to 7 
wherein the angle of helk:al winding, defined rela- 
tive to the axis of the revdutbn body is determined 
for any rotational speed ivof the Impregnation unit 
and for axial product speed c/fora product diameter 
dby the relationship: 



6 = tan 



1 jndW) 
iu) 
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Rotary impregnation and overwinding apparatus 
comprising a rotary assembly adapted to provide a 
plurality of continuous fibres, rotary support means 
adapted to provide one or more resen^oirs of molten 
thermoplastk: and/or thermoset resin and a rotary 
head adapted to lay down impregnated fibre onto 
an advancing continuous thermoplastic and/or ther- 
moset revolution body co-axial therewith. 



1 0. Rotary impregnation and overwinding apparatus as 
claimed in Claim 9 wherein impregnatbn and/or 
coating of fibres with resin takes place within the 
rotary apparatus or associated in rotary manner 
therewith. 

1 1 . Rotary impregnation and overwinding apparatus as 
claimed in any of Claims 9 and 1 0 wherein the rotary 
head comprises channels, apertures and recesses 
and the like adapted to receive aligned fibres, in ad- 
ditbn to a plurality of impregnating supports adapt- 
ed to tension and enable impregnation of fibres by 
a desired degree of spreading thereof, and a further 
set of channels , apertures, recesses and the like 
through which impregnated and/or coated fibre is 
passed for lay down on the revolution body. 

12. Rotary impregnation and overwinding apparatus as 
claimed in any one of Claims 9 to 11 wherein im- 
pregnation supports may be rotating or fixed rela- 
tive to the body of the rotary assembly and may be 
orientated with axis parallel to, tangential to, in- 
clined or othenATtse with respect to the axis of the 
assembly. 



so 13. Rotary Impregnation and overwinding apparatus as 
claimed in any one of Claims 9 to 1 2 wherein rotary 
support means are stationary or rotating means for 
providing one or more reservoirs of nriolten resin to 
the rotary head. 
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14. Continuous reinforced composite thermoplastic 
and/or thermoset revolutbn body obtained by the 
process of Claims 1 to 8 as hereinbefore defined. 
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15. Continuous reinforced composite thermoplastic 
and/or thermoset revolution body as hereinbefore 
defined in Claim 1 4 for the distribution of fluid m a 
continuous network^ preferably for the distribution 

of gaseous or liquid fluid at elevated pressure. s 

16. Continuous reinforcing fibre, extrudable thermo- 
plastic and/or thermoset resin, continuous revolu- 
tion body, rotary support, Impregnation support 
means or other component parts as defined and tor to 
use \n the process or apparatus of any of Claims 1 
to13. 
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Figure 1 
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Figure 2 



10 



EP0 854029 A2 



vr 




(D 

)^ 
O 

o o 



/ 



11 



EP0854029 A2 




EP0854Q29A2 




13 



